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ABSTRACT
Prolonged sitting (3-6 hours) negatively impacts peripheral vascular health.
Whether sitting similarly impacts central cardiovascular hemodynamics and vascular
stiffness is unknown. Purpose: Determine if prolonged sitting increases central blood
pressure, aortic pulse wave reflection and vascular stiffness. Methods: In 10 subjects
(Age=22±2 yrs, BMI=28±4kg/m2, 3 females), brachial artery pulse wave analysis was
performed before (baseline-BL), during, and after 3 hours of sitting. Aortic pulse wave
velocity (PWV) was examined before and after sitting using carotid applanation
tonometry coupled with oscillometry performed on left upper-thigh. For mechanistic
insight, intermittent pneumatic compression (IPC) was applied during sitting (i.e., 3, 120
mmHg compression cycles per minute, 30 mins on/off) in a sub-set (N=9). Results:
During sitting, there was no change in heart rate (P>0.05); however, it tended (p=0.079)
to be lower with IPC. No changes were noted for central blood pressure during sitting,
with or without IPC (p>0.05). Augmentation pressure and index (AIx), wave reflection
height and magnitude all exhibited significant decreases over course of sitting, most
notable at 180 mins (e.g., AIx at BL=7±5, vs. 180 mins sitting=-3±3%, p=0.03). IPC
appeared to mitigate these changes (sitting with vs. without IPC; AIx, 120 mins diff in
mean=9.7%, p=0.018). No change was observed for aortic PWV in response to sitting,
with or without IPC (p>0.05). Conclusion: Prolonged sitting decreases aortic pulse wave
reflection but does not impact vascular stiffness. IPC tends to reduce heart rate and
restrain central hemodynamic changes which may be the result of a reduction in venous
pooling in the legs.
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CHAPTER I– INTRODUCTION
More than half (60%) of U.S. adults do not meet the recommended amount of
physical activity, leading to a life of inactivity. (Facts about Physical Activity, 2017)
Accumulating evidence supports that a sedentary lifestyle can increase one’s risk of
developing a chronic diseases, such as metabolic disease or cardiovascular disease (CD)
(Booth, Roberts, Laye, 2012). Evidence regarding the deleterious effects of being
physically inactive can be dated back to 450 B.C with a quote from Hippocrates stating,
“If we could give every individual the right amount of nourishment and exercise, not too
little and not too much, we would have found the safest way to health.” (Booth, Roberts,
Laye, 2012).
Previous studies have utilized models of bed rest and limb casting to examine the
physiological impact of physical inactivity (Saltin et al, 1968). In terms of central
cardiovascular parameters, these studies have demonstrated a decrease in VO2 max,
maximal cardiac output, maximal stroke volume, and an increased heart rate following 20
days of bed rest (Saltin et al, 1968, Owen et al, 2010, Williams et al, 2009). Furthermore,
limb casting studies have shown vascular remodeling occurs very quickly, resulting in a
decrease in artery size, increase in vascular resistance, and subsequent reduction in limb
blood flow, most notable within the first week (Green et al, 1997, Thijssen et al, 2011,
Thijssen et al, 2010, de Groot PC et al, 2006). Collectively, these results show that
completely removing activity can result in detrimental physiological changes that may
never fully recover with a return to physical activity (Saltin, Blomqvist, Mitchell,
Johnson, Wildenthal, Chapman, 1968). However, it is highly unlikely, unless under
extreme circumstances, individuals are placed on bed rest or extreme inactivity.
1

Previous studies have also examined short-term reductions in physical activity,
such as reducing one’s step count, or prolonged single bouts of sedentary behavior like
sitting. One study demonstrated that reducing daily steps (10,000 steps to <5,000 steps
per day) can increase insulin resistance and decrease endothelial function in the legs, both
markers of cardio-metabolic disease risk (Boyle et al, 2013, Reynolds et al, 2015).
Another study examining a reduction of steps per day (~6,000 steps to 1,400 steps for
three weeks) found the area under the curve (AUC) for plasma insulin progressively
increased, VO2 decreased, and body composition changed—increased fat mass and
decrease in lean mass (Olsen, Krogh-Madsen, Thomsen, Booth, Pederson, 2008). The
overall temporality for these cardio-metabolic changes in response to short-term changes
in daily physical activity appear rapid, and it may be that cardio-metabolic dysfunction is
initiated with single bouts of sedentary behavior such as prolonged, uninterrupted sitting.
Recently, research has shown that following a prolonged bout of sitting (6 hours),
leg endothelial function was reduced with no changes occurring in the arms (Restaino,
Holwerda, Credeur, Fadel, Padilla, 2015). These results suggest that rapid, localized
vascular deconditioning can occur in a single day. Simple activities such as walking,
prior exercise, fidgeting of a limb, or even localized heating seems to revert these
negative vascular effects associated with sitting (Morishima et al, 2017, Morishima et al,
2016, Restaino et al, 2016, Restaino et al, 2015). The underlying mechanisms is still
unclear, but may be related to increases in blood flow-induced shear stress on the
vascular endothelium (Restaino, Walsh, Morishima, Vranish, Martinez-Lemus, Fadel,
Padilla, 2016). Importantly, little is known about the plausible negative effects one bout
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of prolonged sitting could have on central cardiovascular hemodynamics and aortic
vascular stiffness.
Purpose and Hypothesis. Given this background, the purpose of this study was to
determine whether prolonged, uninterrupted sitting could negatively impact central
cardiovascular hemodynamics and vascular stiffness. We hypothesized that prolonged
sitting would increase central blood pressure (BP), aortic pulse wave reflection (RM) and
vascular stiffness in healthy college-aged individuals. As an exploratory aim, and to
provide mechanistic insight, we applied intermittent pneumatic cuff compressions to the
lower limbs during sitting in a subset (N=9) to determine whether this simple nonexercise therapy could prevent changes in central cardiovascular hemodynamics during
prolonged sitting.
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CHAPTER II– METHODS
Experimental Design
This study was a randomized cross-over design.
Subjects
Ten young men and women (18-30 years of age) were recruited from the
University of Southern Mississippi campus and surrounding Hattiesburg (MS, USA) area
and participated in this study. All experimental procedures were approved by the
University of Southern Mississippi Health Sciences Institutional Review Board
(Approval Letter, Appendix A). Prior to participation, each participant provided a written
detailed informed consent. Female subjects were studied during the early follicular phase
of their menstrual cycle to account for potential influences of hormonal status on study
results. All participants were considered recreationally active, non-smokers, not using
vasoactive medications, and free of any diagnosed cardiovascular, pulmonary, or
metabolic disease, as determined by a detailed medical health history questionnaire.
Experimental Measurements and Procedures
Anthropometric Measures. Height and weight were determined with a standard
stadiometer and sliding scale.
Cardiovascular Measures. Participants were instrumented with lead II surface
electrocardiography (ECG) (Powerlab, AD-Instruments, Colorado Springs, CO) to
continuously monitor heart rate (HR) throughout the study. Peripheral and central
cardiovascular hemodynamics were measured via automated cuff oscillometry
(SphygmoCor XCEL; AtCor Medical). To do this, a blood pressure cuff was placed on
the subject’s upper right arm and was inflated/deflated performed at different intervals
4

(rest, 10 min, 60 min, 120 min, 180 min, post) during the study visit. Pulse wave analysis
(PWA) was performed using a validated transfer function (AtCor Medical) to examine
central, aortic hemodynamics, such as blood pressure (BP), mean arterial pressure
(MAP), pulse pressure (PP), augmentation pressure (AP), augmentation index (Alx),
wave reflection (Pb), and wave magnitude (RM%). Rate pressure product (RPP), an
index of myocardial oxygen demand, was measured by using the following equation:

Vascular Stiffness. Aortic pulse wave velocity (aPWV) was performed at presitting baseline and post-sitting during each experimental visit. Aortic PWV was assessed
by performing carotid applanation tonometry along with oscillometry using a thigh cuff
at the femoral artery site, in accordance with published recommendations (Stoner,
Credeur, Dolbow, Gater, 2015). Carotid-femoral artery pulse transit time (sec) was
determined with applanation tonometry performed over the left common carotid artery
pulse site, coupled with oscillometry method performed over the left upper thigh. Transit
time (Δt) was calculated as the time interval between the diastolic foot of the pressure
wave from tonometer and the thigh cuff arterial waveform. Prior to this, distance
measures (m) between carotid pulse site and sternal notch (L1), and sternal notch to top
edge of the thigh cuff (L2) were obtained using a standard tape-measure. Along with
pulse transit time, distance was applied to the following equation to calculate aortic Pulse
Wave Velocity (aPWV) which is considered the gold standard for measuring arterial
stiffness (Stoner, Credeur, Dolbow, Gater, 2015):
aPWV (m/s) = Length (L2 – L1) / Δt
5

Intermittent Pneumatic Compression. Intermittent pneumatic compression—IPC
is an FDA approved therapy commonly used to treat lymphedema, venous insufficiency,
peripheral arterial disease, and even improve vascular health in people with spinal cord
injury (Tran et al, 2017, Credeur et al, 2017, Delis et al, 2005, Husmann et al, 2008). This
technology works by sequentially inflating and deflating a series of air cuffs (120 mmHg)
positioned around the foot, ankle and calf region. This treatment has been shown to not
only increase arterial inflow, but increase venous outflow due to a mechanical pumping
effect, which in theory, could prevent venous pooling during prolonged bouts of sitting.
For the present study, IPC was administered on one day during sitting as a means to
reduce venous pooling. During sitting, IPC was implemented during the last 30 mins of
every hour during sitting.
Experimental Protocols
Experimental Study Visit One. Participants reported to the laboratory between the
hours of 8:00am-12:00pm, and at least two hours fasted. The last meal consumed was
logged and participants were instructed to consume the same meal for subsequent study
visits. Participants were also required to abstain from intake of alcohol for 12 hours and
strenuous activity 24 hours prior to each study visit. On the day of the study, individuals
were presented and signed a detailed written informed consent (Appendix B) and
completed a medical health history questionnaire (Appendix C). Participants were
familiarized with experimental procedures before any data was collected. Following an
explanation of procedures, participant rested quietly on an exam table, positioned semirecumbent and instrumented for all study measurements: ECG, BP, PWA and PWV.
Following 10 mins of rest, a 5 min resting baseline was performed (continuous ECG and
6

2-3 PWA), followed by a single PWV measurement. Following these initial baseline
measures, the participants were repositioned upright in an adjacent chair where they
remained for the next 3 hours. During sitting, the participants were allowed to perform
normal desk related work such as reading a book, or working on their personal device.
Importantly, participants were instructed to refrain from any leg movement or engaging
in any arousing types of activities which could alter cardiovascular hemodynamics, such
as listening to fast-paced music, and watching certain types of movies (e.g., comedies,
action or horror). Central BP and PWA were assessed during the three hours of sitting at
the time points of 10, 60, 120, 180 minutes. Following 3 hours of sitting, participants
were transferred back to the exam table using a mechanical lift (Invacare Reliant 450),
where post-sitting measurements of HR, BP, PWA, and PWV were performed (Figure
1).
Experimental Study Visit Two. For visit 2, the same experimental procedures
performed in visit 1 were repeated with the addition of IPC performed on both legs using
a commercially available device (Art-Assist) (Figure 2). IPC treatment was initiated
during the last 30 mins of each hour during the sitting time points (IPC compression
cycles: 120 mmHg compressions, 4 sec on, 16 sec off, 3 cycles per min). All data were
collected immediately following completion of ICP for each study time point.
Importantly, the order of experimental study visits was randomized by choice, and each
study visit was separated by a minimum of 48 hours and maximum of one week. In the
case for female subjects, if studied during the latter portion of the follicular phase of
menstrual status, then they were asked to return to the laboratory at the same time of the
month for the second visit.
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Data Analysis
For brachial artery pulse wave analysis, oscillometric BP waveforms were
recorded and analyzed through the SphygmoCor XCEL device [32]. Each assessment
cycle (baseline and post sitting, and during sitting time points) lasted approximately one
minute, consisting of a brachial BP recording and then a 10-sec sub-systolic recording.
An aortic BP waveform was generated by the device using a validated transfer function
(Butlin, Qasem, Avolio, 2012), from which the central hemodynamic indices were
derived: systolic BP, diastolic BP, pulse pressure, augmentation pressure, augmentation
index, backward pressure components (Pb) and reflection magnitude (RM%). The AIx is
defined as augmentation pressure (AP) expressed as a percentage of pulse pressure,
where AP is defined as maximum systolic pressure, minus pressure at the inflection
point. The generalized aortic pressure waveform is decomposed into its forward—Pf and
backward—Pb components by assuming a triangular flow wave (Westerof et al, 2006,
Qasem et al, 2008). This methodology generates a triangular-shaped wave by matching
start, peak, and flow-wave end to timing of the foot, inflection point, and incisura of
aortic pressure wave. The Pb and Pf are constructed with the following equations: Pf = [P
+ Zc × Q]/2 and Pb = [P – Zc × Q]/2, respectively, where P is the aortic pressure wave, Q
is the approximated pseudo-flow wave, Zc is the characteristic impedance. The RM%
was calculated as Pb/Pf*100.
Statistical Analysis
To examine the difference in cardiovascular hemodynamics between the various
sitting time points (BL, 10, 60, 120, 180, post sitting), two-way repeated measures
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ANOVA’s were performed on dependent variables (HR, SPB, DPB, PP, MAP, RPP, AP,
AIx, Pb, RM).
To examine the difference in vascular stiffness from pre-sitting to post-sitting a
univariate ANOVA was performed on aortic PWV. Cohen’s d effect sizes were
calculated to examine meaningfulness of changes in primary dependent variables over the
course of sitting. All statistical analyses were performed using Sigma Plot Analysis
software and SPSS (IBM, Watson Analytics). Statistical significance was set a priori at
p<0.05, and moderate to large effect sizes were considered clinically meaningful.
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CHAPTER III - RESULTS
Subjects
Ten subjects were recruited and studied participants consisted of three females
and seven males. The average age, height, weight, and BMI were 22

and 28

yrs,

, respectively. All participants were free of

any chronic disease and/or prescribed vasoactive medications that could alter study
results.
Central hemodynamic responses to sitting, with and without IPC
All central hemodynamic data from baseline (pre) to post-sitting time points are
presented in Table 1. From pre-post sitting there was a significant decrease in heart rate
(e.g., baseline=66±10 vs. post sit=62±9 bpm, p=0.038). During sitting, there was no
change in heart rate (P>0.05); however, heart rate tended (p=0.079) to be lower with the
application of IPC (Figure 3). No changes were noted for central blood pressure
measures during sitting, with or without IPC (p>0.05) (Figure 4). Augmentation pressure
and index (AIx), exhibited significant decreases over the course of sitting, most notable at
180 mins (Figure 5). Interestingly, IPC appeared to mitigate these changes (sitting with
vs. without IPC; AIx, 120 mins diff in mean=9.7%, p=0.018). Figure 5 illustrates the
impact of sitting on central pulse pressure (cPP) and rate pressure product (RPP).
Following sitting, there was a significant decrease in cPP and RPP (p<0.05), both with
and without IPC application. The changes in backward wave height (Pb) and wave
reflection (RM) are illustrated in Figure 6. Both Pb and RM were significantly lower
from pre- to post-sitting time points both with (p=0.040) and without IPC (p=0.037). No
11

change was observed for aortic PWV in response to sitting, with or without IPC
(p>0.05).
Table 1. Central Cardiovascular Hemodynamics from Pre- to Post-Sitting
Time

Visit
Interaction

No IPC
Pre

Variable:

Post

IPC
Pre

Post

P values

HR (bpm)

66±10

62±9

63±9

60±10

0.03

0.34

0.89

SBP (mmHg)

105±11

107±10

108±12

106±8

0.85

0.66

0.12

DBP (mmHg)

74±8

76±7

73±9

76±6

0.08

0.69

0.59

PP (mmHg)

31±7

30±5

35±7

30±5

0.02

0.36

0.09

MAP (mmHg)

86±10

88±9

87±10

87±7

0.58

0.85

0.64

RPP
(bpm*mmHg)
AP (mmHg)

6910±1713

6574±1570

6881±1567

6353±2353

0.02

0.58

0.25

3±5

-2±2

4±5

-2±2

0.001

0.27

0.28

AIx (%)

7±14

-8±7

11±14

-8±8

<0.001

0.33

0.33

Pb (mmHg)

12±3

12±2

16±5

12±2

0.020

0.22

0.04

RM (%)

46±7

44±2

51±8

43±3

0.07

0.01

0.04

Note: HR, Heart rate; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; PP, Pulse Pressure; MAP, Mean Arterial
Pressure; RPP, Rate Pressure Product; AP, Augmentation Pressure; AIX, Augmentation Index; PB, Backward Pressure Component;
RM, Reflection Magnitude.
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Figure 3. Heart rate response during sitting with IPC and without IPC.
Note: There was a tendency (p=0.079) for heart rate to be lower during sitting with IPC.

A.

B.

Figure 4. Augmentation pressure and augmentation index alterations during sitting with
IPC and without IPC.
Note: Panel (A) depicts central augmentation pressure measures with IPC and without IPC during sitting. Panel (B) depicts
augmentation index measures with IPC and without IPC during sitting.

A.

13

Figure 5. Central pulse pressure and rate pressure product measures during sitting with
IPC and without IPC.
Note: Panel (A) depicts central pulse pressure measures with IPC and without IPC during sitting. Panel (B) depicts rate pressure
product measures with IPC and without IPC during sitting.

A.

B.

Figure 6. Wave Reflection and Wave Reflection Magnitude measures during sitting with
IPC and without IPC.
Note: Panel (A) depicts wave reflection measures with IPC and without IPC during sitting. Panel B) depicts wave reflection
magnitude measures with IPC and without IPC during sitting. Error bars indicate the SD of the mean at each time point .
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Vascular Stiffness Responses to Sitting
Figure 7 illustrates the effects sitting on vascular stiffness via pulse wave
velocity. To note, the figure depicts sitting with IPC (n=8) and without IPC (n=9). PWV
data were not collected in one subject due to technical difficulties (leg size surpassed cuff
length), and one subject did not return to the following-up study visit. Overall, aortic
PWV was not significantly altered from pre-sit to post-sit, either with IPC or without IPC
application.

Figure 7. Aortic stiffness measures pre-sit and post-sit, both with IPC and without IPC.

15

CHAPTER IV– DISCUSSION
This study sought to determine whether prolonged sitting could negatively impact
markers of central cardiovascular health and vascular stiffness in relatively healthy
individuals. Contradictory to our initial hypothesis, sitting did not increase central BP
indices. Uniquely, our data also indicate that sitting causes a significant reduction in
augmentation pressure, most likely the result of blood pooling in the legs. Importantly,
IPC seemed to restrain some of the reduction in augmentation and tended to produce a
lower heart rate response to sitting, both likely the results of less venous pooling in the
legs.
Effects of Sitting on Central Cardiovascular Hemodynamics
Previous research has shown a decrease in peripheral vascular function after a
single bout of prolonged, uninterrupted sitting (Restaino, Walsh, Morishima, Vranish,
Martinez-Lemus, Fadel, Padilla, 2016, Thosar, Johnson, Johnston, Wallace, 2012). Given
this data, we set out to determine whether or not a prolonged period of sitting would have
similar effects on the central hemodynamics and vascular stiffness. Our findings
demonstrate that central blood pressure indices are not significantly impacted by sitting;
however, augmentation pressure appeared to be lower following sitting. This leads to
question why these cardiovascular changes are occurring during sitting. One potential
mechanism could be related to blood pooling in the legs, which may dampen pulse wave
reflection (Stone et al, 2016, Stoner et al, 2017). Recently, a similar observation was
noted for when subjects were subjected to a modified head-up tilt. The authors of this
work also examined perfusion changes in the legs using near-infrared spectroscopy.
Although only correlative, these data suggests that increases in total perfusion (a marker
16

of blood pooling) during the postural shift are directly related to reduction in
augmentation pressure. The overall clinical significance for a reduction in augmentation
pressure during prolonged sitting is unclear and will require future work. Uniquely, our
study shows for the first time, applying IPC during a prolonged bout of sitting may
restrain reduction in augmentation pressure and lower heart rate. This has important
clinical implications, especially for people who are subjected to prolonged periods of
sitting due to occupational circumstances, or due to physical imitations such as people
with neurological disease or injuries. Future studies will be needed to evaluate the long
term impact of IPC application, particular in patient groups, as it relates to overall
cardiovascular health and function.
Effects of Sitting on Aortic Vascular Stiffness
Indeed, previous research has shown the deleterious impact of sitting on vascular
health. Given this, research, one could speculate that alterations in vascular function in
response to acute sedentarism, like sitting, may also alter other important cardiovascular
variables such as stiffness. In light of this, we examined a gold standard measure of
central vascular stiffness, aortic pulse wave velocity, before and after prolonged sitting.
Interestingly, sitting did not appear to alter vascular stiffness in the present cohort. Given
that intermediate measures of atherosclerotic risk, like aortic PWV, tend to be more
structural in nature (i.e., dependent on arterial size and wall thickness), thus, a longer
period on inactivity may be needed see noticeable changes in this measurement.

17

CHAPTER V– CONCLUSION
In summary, this preliminary data indicates that a single bout (3 hours) of
prolonged, uninterrupted sitting results in a significant alteration in central cardiovascular
hemodynamics (decreased aortic pulse wave reflection). Importantly, the application of
IPC tended to reduce heart rate and restrain some of the observed central hemodynamic
changes, most notably AP, which may be result of a reduction in venous pooling in the
legs. Future studies are needed to fully elucidate the clinical implications for a reduction
in AP in response to prolonged, uninterrupted sitting.

18

APPENDIX A- IRB APPROVAL

19

APPENDIX B- LONG CONSENT FORM

20

21

APPENDIX C – MEDICAL HISTORY QUESTIONAIRE

22

23

24

BIBLIOGRAPHY
American College of Sports Medicine. (2014). Guidelines for Exercise Testing and
Prescription (9th ed ed.). Philadelphia, PN: Wolters Kluwer/Lippincott Williams
& Wilkins Health.
Black, M. A., Cable, N. T., Thijssen, D. H., & Green, D. J. (2008). Importance of
measuring the time course of flow-mediaed dilation in humans. Hypertension, 51,
203-210.
Chang, S., Hsu, J., Chu, C., Pan, K., Jang, S., Lin, P., . . . Huang, K. (2012). Using
intermittent pneumatic compression therapy to improve quality of life for
symptomatic patients with infrapopliteal diffuse peripheral obstructive disease.
Circulation J, 76, 971-976.
Charmetant, C., Phaner, V., Condemine, A., & Calmels, P. (2010). Diagnosis and
treatment of osteoporosis in spinal cord injury patients: A literature review.
Annals of Phys Rehabil Med, 53(10), 655-668.
Chen, L., Liu, K., Qi, W., Joneschild, E., Tan, X., Seaber, A., . . . Urbaniak, J. (2002).
Role of nitric oxide in vasodilationin upstream muscle during intermittent
pneumatic compression. J Appl Phyiol, 92, 559-566.
Corretti, M., Anderson TJ, Benjamin , E., Celermajer , D., Charbonneau, F., Creager, M.,
. . . International Brachial Artery Reactivity Task Forc. (2007, Jan 16). Guidelines
for the ultrasound assessment of endothelial-dependent flow-mediated
vasodilation of the brachiel artery: a report of the International Brachial Artery
Reactivity Task Force. J Am Coll Cardiol, 39(2), 257-265.
Credeur, D., Stoner, L., & Dolbow, D. (2016). Increasing physical activity in spinal cord
injury: upper-body exercise alone not enough? Arch Phys Med Rehabil.
Delis, K., Azizi, Z., Stevens, R., Wolfe, J., & Nicolaides, A. (2000). Optimum
intermittent pneumatic compression stimulus for lower-limb venous emptying.
Eur J Vasc Endovasc Surg, 19, 261-269.
Delis, K., Labropoulos, N., Nicolaides, A., Glenville, B., & Stansby, G. (2000). Effect of
intermittent pneumatic foot compression on popliteal artery haemodynamics. Eur
J Vasc Endovasc Surg, 19, 270-277.
Delis, K., Nicolaides, A., Labropoulos, N., & Stansby, G. (2000). The acute effects of
intermittent pneumatic food vs. calf versus simultaneous foot and calf
compression on popliteal artery hemodymanics: a compareative study. J Vasc
Surg, 32, 284-292.
25

Ginis, K. A., Phang, S. H., Latimer, A. E., & Arbour-Nicitopoulos, K. P. (2010).
Reliability and validity test of the leisure time physical activity questionnaire for
people with spinal cord injury. Arc Phys Med Rehabil, 677-682.
Green, D., Jones, H., Thijssen, D., Cable, N., & Atkinson, G. (2011). Flow-mediated
dilation and cardiovascular event prediction: does nitric oxide matter? Hyper ,
363-369.
Griffin, L., Decker, M., Hwang, J., Wang, B., Kitchen, K., Ding, Z., & Ivy, J. (2009).
Functional electrical stimulation cycling improves body composition, metabolic
and neural factor in persons with spinal cord injury. J Eletromyogr Kinesiol, 614622.
Groah, S., Charlifue, S., Tate, D., Jensen, M., Molton, I., Forchheimer, M., . . . Campbell,
M. (2012). Spinal Cord Injury and Aging: Challenges and Recommendations for
Future Research. Am J Phys Med Rehabil, 91, 80-93.
Grundy, S., Benjamin, I., Burke, G., Chait, A., Eckel, R., Howard, B., . . . Sowers, J.
(1999). Diabetes and cardiovascular disease: a statement for healthcare
professionals from the American Heart Association. Am Heart Assoc, 1134-1146.
Hitzig, S. L., Miller, W. C., Eng, J. J., & Sakakibara, B. M. (2012). Aging Following
Spinal Cord Injury. Spinal, 1-72.
Kressler, J., Ghersin, H., & Nash, M. (2014). Use of functional electrical stimulation
cycle ergometer by individuals with spinal cord injury. Top Spinal Cord Inj
Rehabil, 20, 123-126.
Labropoulos, N., Leon, L., Bhatti, A., Melton, S., Kang, S., Mansour, A., & Borge, M.
(2005). Hemodynamic effects of intermittent pneumatic compression in patients
with critical limb ischemia. J Vasc Surg, 42, 710-716.
Libby, P., Ridker, P., & Maseri, A. (2002). Clinical cardiology: new frontiers;
inflammation and atherosclerosis. Am Heart Assoc, 1135-1145.
Liu, K., Chen, L., Seber , A., Johnson, G., & Urbaniak, J. (1999). Intermittent pneumatic
compression of legs increases microcirculation in distance skeletal muscle. J
Orthop Res, 17, 88-95.
Manfredini, F., Malagoni, A., Felisatti, M., Mandini, S., Lamberti, N., Manfredini, R., . . .
Zamboni, P. (2014). Acute oxygenation changes on ischemic foot of a novel
intermittent pneumatic compression device and of an existing sequential device in
severe peripheral arterial disease. BMC Cardiovasc Dis, 14, 4-50.
Martin, J., Borges, A., & Beck, D. (2015). Peripheral conduit and resistance artery
function are improved following a single, 1-h bout of peristalic pulse external
pneumatic compression. Eur J Appl Physiol.
26

Myers, J., Lee, M., & Kiratli, J. (2007). Cardiovascular disease in spinal cord injury: an
overview of prevalence, risk, evaluation, and management. Am J Phys Med
Rehabil, 1-11.
Nash, M., Mintz, C., Montalvo, B., & Jacobs, P. (2000). A randomized blinded
comparison of two methods used for venous antistasis in tetraplegia. J Spinal
Cord Med, 23(4), 221-221.
National Institute of Neurological Disorders and Stroke [NINDS]. (2015, February).
Spinal cord injury: Hope through research. Retrieved from National Institute of
Health: http://www.ninds.nih.gov/disorders/sci/detail_sci.htm
National Spinal Cord Injury Stastical Center [NSCISC]. (2015, February). Spinal Cord
Injury Facts and Figures at a Glance. Retrieved from National Spinal Cord Injury
Stastical Center: https://www.nscisc.uab.edu/Public/Facts%202015.pdf
Padilla, J., Harris, R., & Wallace, J. (2007). Can the measurement of brachial artery flowmediated dilation be applied to the acute exercise model? Cardiovasc Ultrasound,
26, 5-45.
Padilla, J., Johnson, B., Newcomer, S., Wilhite, D., Mickleborough, T., Fly, A., . . .
Wallace, J. (2008). Normalization of flow-mediated dilation to shear stress area
under the curve eliminates the impact of variable hyperemic stimulus.
Cardiovascular Ultrasound.
Partsch, H. (2008). Intermittent pneumatic compression in immobile patients. Int Wound
J, 5, 389-397.
Phillips, A., & Krassioukov, A. (2015). Contemporary cardiovascular concerns after
spinal cord injury: mechanism, maladaptaions & management. J Neurotrauma.
Roseguini, B., Arce-Esquivel, A., Newcomer, S., Yank, H., Terjung, R., & Laughlin, M.
(2012). Intermittent pneumatic leg compressions enhance muscle performance
and blood flow in a model of peripheral arterial insufficiency. J Appl Physiol,
1556-1563.
Sheldon, R., Roseguini, B., Laughlin, M., & Newcomer, S. (2013). New insights into the
phyiologic basis for intermittent pneumatic limb compression as a therapeutic
strategy for peripheral artery disease. J Vasc Surg, 1688-1696.
Sheldon, R., Roseguini, B., Thyfault, J., Crist, B., Laughlin, M., & Newcomer, S. (2012).
Acute impact of intermittent pneumatic leg compression frequency on limb
hemodynamics, vascular function, and skeletal muscle gene expression in
humans. J Appl Physiol, 112, 2099-2109.

27

Shields, R., Schlechte, J., Dudley-Javoroski, S., Zwart, B., Clark, S., Grant, S., &
Mattiace, V. (2005). Bone mineral density after spinal cord injury: a reliable
method for knee measurement. Arch Phys Med Rehabil, 1969-1973.
Stone, K. J., Fryer, S. M., Ryan, T., & Stoner, L. (2016). The validity and reliability of
continuous-wave near-infrared spectroscopy for the assessment of leg blood
volume during an orthostatic challenge. Atherosclerosis, 251, 234-239.
Stoner, L., Credeur, P., Fryer, S., Faulkner, J., Lambrick, D., & Gibbs, B. B. (2017).
Reliability of pulse waveform seperation analysis: effects of posture and fasting. J
Hypertens, 35(3), 501-505.
Stoner, L., Sabatier, M., Mahoney, E., & et al. (2007). Electrical stimulation-evoked
resistance exercise therapy improves arterial health after chronic spinal cord
injury. Spinal Cord, 45, 49-56.
Thijssen, D. H., Black, M. A., Pyke, K. E., Padilla, J., Atkinson, G., Harris, R. A., . . .
Green, D. J. (2010). Assessment of flow-mediated dilation in humans: a
methodological and physiological guideline. Am J Physiol Heart Circ Physiol,
H2-H12.
Thijssen, D. H., De Groot, P. C., van den Bogerd, A., Veltmeijer, M., Cable, N. T.,
Green, D. J., & Hopman, M. T. (2012). Time course of arterial remodelling in
diameter and wall thickness above and below the lesion after a spinal cord injury.
Eur j Appl Physiol, 4103-4109.
Thijssen, D. H., Maiorana, A. J., O'Driscoll, G., Cable, N. T., Hopman, M. T., & Green,
D. J. (2009). Impact of inactivity and exercise on the vasculature in humans. Eur J
Appl Physiol, 845-875.
Totosy de Zepetnek, J. O., Ditor, D. S., Au, J. S., & MacDonald, M. J. (2015). Impact of
sear rate pattern on upper and lower limb conduit artery endothelial function in
both spinal cord-injured and able-bodied men. Exp Physiol, 1107-1117.
van Bemmelen, P., Char, D., Giron, F., & Ricotta, J. (2003). Angiographic improvement
after rapid intermittent compression treatment [ArtAssist®] for small vessel
obstruction. Int J Vasc Surg, 224-228.
van Brussel, F. C., van Brussel, B. C., Hoeks, A. P., Roodt, J. O., Henry, R. M., Ferreira,
I., . . . Reesink, K. D. (2015). A control systems approach to quantify wall shear
stress normalization by flow-mediated dilation in brachial artery. PLoS ONE, 10,
1-19.
West, C. R., Alyahya, A., Laher, I., & Krasioukov, A. (2013). Peripheral Vascular
function in spinal cord injury: a systematic review. Spinal Cord, 10-19.
28

